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The ha] ogen oxi des showadgreat va ri ati on in structural
paraneters and other physi cal as wel 1 aschomical properti es
Over a dozen chl ori ne oxi des ar @ known , many of them guite
we] 1 charact eri zed; fower bromineoxi des are known , and their
properti es are not as coxt ensi ve 1y st udied . '''Recently the
c¢hl ori ne and bromi ne oxji des haveatt racted consi derabl e
altention because of the i: impl lcati on in reac tion cycles
leading to the dest ructionof atmospheric oz one . 0Of particular
inport ante are the cat al yt i ¢ cye les i nvolving €1 O and Bro.
Recently, bromne di ox i de, OBrO, has been observed i n the
bromi ne sensi tized phot odccomposi t ion of o, . 3

Brom ne di oxi de was 11 rst. report ed by Sctwarz and
Schmei Rer as an egg- yel 1 ow deposit. f rowa Br, /0, di scharge . 1
The st oichi omet ry was deduced by guanti tat i ve anal ysi s, and
the product, decomposcd 1 ayi a1y above 0°C . 1 @t er , Schmei Rer and
Jorger reported the s¢une compound as a product of the Br,
ozonol ysi s in cool ed ¢C 1 .F solut ion. ™ The Scppel t group,
however, obtained sincyl ¢ crystal s of orange nr,0, °! and
color] ess Br,0.!"! from that react i on but f ound no evi dence for
mol ecul ar OBrO. OBrO was dect ecl ed during masss Spectroscopic
invest igati ons of the O+ kr, rcact. ion syst em, ™ 1 SR studi es of
X- ray i rradi ated perbromat es, ) and UV/vi s spectroscopi €
invest igati ons of the ki 0, 1c¢act i on syst em. ! * The v,!% and
v, 110,111 stretching f undamental & were observed in Ar matrices

We have observed the r ot at i onal spect rum of t he triatomic
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oxide OBrO i nthem Ji1inmet er - andsubmill i met er-wave regi Ons
usi ng the spect-renet.c’'] described i nref . [121. W report. here
the rotat i onal and guart i ¢ centri f ugal const ants as we] 1 as
the derived r, struct ur e andhar moni ¢ force 1 1 el d.

The reacti on product s of an 0, di scharge pl us Br, were
condensed on to the wal l of t he m crowave absorpti on cel 1 at
- 20°C. After the f 1 ow of O, and Br, wa s stopped, spectra of the
vapor were recorded whi 1 ¢ punpi ng on the condensate . The
ident i ty of the product on the wal 1s isnot.clear. 1tmi ght be
OBrO, a nore compl ex !l »romineoxide, ora mi xturecofoxides
that decompose glowlytoyield OBrO . at 1 ow t emperatures (--
- 20°C) anti pressures ( 0.1 ra)essenti ally al | absorpti on
features were due to 0OBrO, a] though weak f ecat urcs of BrO were
al so seen. The anmount of OBrO I ncreased at higher tenperatures
because of a 1 arger vapor pressure or an enhanced
deconposition of i ts precursor. The BrO/0BrO r at. i 0 i ncreased
as well , possibly because of decomposi tion of OBrO. Strong
aborpt i ons of Br,0 wer ¢ al so scen at higher pressures (reduced
f ] ow rate) and higher tenperat vres .

The OBrO rot ational spectiumisthat of a C,, molecul e I n
the “B, electroni cgroundstate, asis that of 0Cl (). 1In
general , each rot at i onal {ransit | onisobservabl e as a doubl et
of quartets . This is i1Justrated in Figure 1 { or a transiti on
having rather smal 1 spli ttings . The doubl ets I ndicate the

presence of an unpai red ¢l cct ron, the guartet s are due to one



nucl eus wi th spin 3/2 ("Br o1 " 'Br) . A 1 arge number of 1 ines
has been observed result ingi nthe preci se det ermi nat i on of
rotat i onal , centri fugal di stort i on, fine, and Br hyperi ine
structure constants . Rot at ional and guart i ¢ centrif ugal
di stortion constants i or t he vibrali onal grouud state are
given i n Tabl e 1.

The rotational constants havebcecenusedtocal cul at-e the
r, st ructural paramet c¢rs of OBr0O . Th ¢y arc gi ven with data for
rel at. ed mol ecul es in Tabl ¢ 2. The equilibri um (Y<, ) st ructure
of oBrO i s not- preci scly known . The r. bond 1 eng th and bond
angl ¢ respective] y arc ¢ca . 0. Hpm and 0 1 8° smalier than the ro
paraneters, as estima ted { rom t he changes of rel at ed
nol ecul es. The bond 1 engt hi 1 OBrO i s substenti ally 1 arger
than i n 0C1 O as expect e . The di §f f erenceisverysimilarto
t hat between Se0, and SO, . However, the bond angle in OClO is
smal 1 er than i n S0, whercas the onejn OBrOisst i ghtl vy
1 arger than i n seo0, .

The quarti ¢ di st ort i on constant s have boeen used to
cal @l ate the harmoni ¢ { orce i el d of OBrO . Theforce
constants are also given i n'l'able2togetherwi th those of
oclo, S0,, and SeO0,. The d i agonal for ce constant s f, and f
change f rom 0C1 Oto ORrro by shout. the same amount as from SO,
to SeO, .

“I"he 1 ine and hyper{ ine (ic)]~st.tint s are i n rcasonabl e

agreement wi th those f rom ESR studi es . 1°) Their det ail ed




discussion is beyond the scope of the present communication.

We have also obscrved the v, mode of OBrYO in the gas
phase (Fig. 2). The O branch fcature of 0”BrO at. 846.1 cm! and
the isotopic shift of 2.4 cm’ agree well with values from the
force field (851.2 and 2.35 cm') as does the position of v; in
an argon matrix (794.6 vorsus 79401 cmm? from ref. [10]). The
calculated isotopic shift on v, is 1.1% can’'; an observed shift
of 2.9 em? ig more likely due to a matrix effcct; see for
example ref. [13], where this has becen studiced in detail for
0Cl10. Although the bending mode has not yet been observed
directly, our calculated value of 311 cm’ for 0""Bro0, is
consistent with relative intensities ohserved for rotational
transitions in the ground stete compared to those in the v, =
1 state (Fig. 1).

1n conclusion, we have used the O 4 Br, reaction system
to study the OBrO radical. The presence of a mixture of
bromine oxides under certain conditions indicates complex
secondary chemistry which may be of atmospheric importance.
Work in our laboratory continuves on the spectroscopy and

kinetics of these intercesting molecules.
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Sume ry : The unstabl ¢ Obr O radi cal , whi ch mi ght play a role in
atmospheri ¢ chenis try, bha s been observed i n the gas phase over
a so i d product of the () + Br, reacti on . Under certain

condi tions BrO, OBrO, & nd b1 ,0 cou 1d be ob ser ved

simul taneously.
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Fig. 1: Detai 1 of the submi 1 Iimeter s pect rum of the bromi ne
di oxi de radi cal. The 31, ., - 30, 2 transit ion of O¥Bro in the
ground vi brati onal stat ¢ (ful 1 circles)and of 0O”BrOin the
first. excited bendi ng mode (open ¢i rel es ) are i ndi cated. In
general each transi ti on appears as a doubl et of gquartets; see

t ext

Fig. 2: The infrared spectrum of gascous OBr0O in the region of
the v, fundamental showing POR branch structure (resolution: 1

cm ) .
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Table 1: Rotational (MHz) and guartic centrifugal distortion

constants!'®) (kHz) of OBrO in the ground vibralional state.

C e e s s o memmaaeam o ————r— .

()';“m}.;z'fo 0" Bro

A 28 024. 517 86 (171) 97 824.891 27 (116)
B 8 233.177 6% (32) & 233.254 58 (33)
c 6 345.433 14(32) 6335.136 67 (35)
D, 7.134 86 (48) 7,124 76 (50)
Dy, -70. 692 5 (33) -69.980 8 (33)

D, 714.380 (27) “/04.391 (23)

d, 2,637 543 (124) 2.642 155 (124)
d, S0.156 5 55 (H3) S 0.156 80-/ (54)

[a] Numbers in paranthesis are two standard deviations in
units of the last significant figures. Watson's S reduction is

used in the representation 1°.
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Table 2: Structural paramet ers (pm deg ) and harmoni ¢ force

constants (N m' ) of OByO i1 compari son with rel at ed conpounds

oBro ™ ocl ot Seo,t SO, e

r ) ]649] IIIII - .'lldltSl.éSl%/Jl T 1“6"0""— 775 o 143.080

o 114.44 117.403 113.83 119.329
1, 530.5 711.0 705.7 3030.4
1, 99.5 137 .2 135 .7 168.0
f., -3.1 25.0 12.9 0.8
f i -4.1 ~ 2.7 13.8 28.7
[al Fguilibriurn struct ure . [biThis work; 1, structure.

[c] Refs.[14,131. [d] Refs.[15,16]. [clRefs. [17, 14]
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